The late biochemist David Green pointed out that a clever engineer can make a vacuum cleaner from the wreck of an automobile, but this does not show that cars contain vacuum cleaners. The chaperonin GroEL will bind to virtually any partly folded protein it is presented with in the test tube, but which of the ~2400 different cytosolic protein molecules expressed in Escherichia coli does it actually bind inside the cell, and which of these proteins must bind to GroEL to fold correctly? The Hartl laboratory [1] has now provided comprehensive answers to these questions by a combined quantitative proteomics and functional analysis approach. Only 84 proteins are predicted to depend absolutely upon GroEL to fold correctly, but these include at least 13 essential proteins, explaining why GroEL is the only chaperone in E.coli required under all growth conditions tested. Almost all these 84 proteins contain either α α/β β or α α+β β domains that expose substantial hydrophobic regions during folding. The new paper [1] is the first publication in the new discipline of chaperomics, which aims to identify all the essential substrates of a given molecular chaperone in vivo.
after an environmental stress such as high temperature. It is the job of molecular chaperones to combat this aggregation problem [2] . GroEL binds to its cochaperone GroES to create a large complex that prevents aggregation by encapsulating individual polypeptide chains one at a time inside a molecular cage ( Figure 1 ). Inside this cage, the chain continues to fold in the absence of other folding chains until the hydrophobic residues that cause aggregation are buried within the final folded structure. This complex is termed an Anfinsen cage [3] to indicate that inside this cage the chain folds spontaneously in a manner determined by its amino acid sequence, as it does when diluted from denaturant in the classical refolding experiment of Anfinsen [4] . Small chaperones such as DnaK/J also exist that do not form a cage, but simply cycle on and off exposed hydrophobic sequences on partly folded chains, thus reducing the time available for them to aggregate with one another [5] .
Most aggregate and fail to refold until both GroEL and GroES are added to the refolding buffer, unless the temperature of refolding is lowered from the standard 37°C to 25°C, which allows some spontaneous refolding. But class II substrates will also use the DnaK/J system for refolding, indicating that while encapsulation in the cage occurs with these proteins, it is not essential to prevent them from aggregating. In contrast, class III substrates depend stringently upon the GroEL/ES system to refold at 37°C; this class will not use the DnaK/J system to refold, even though the latter chaperones bind to them. (Figure 2 ). But the wide distribution of this domain, and the fact that it includes the class I substrate enolase, shows it cannot be the sole criterion for dependence on GroEL/ES. The tendency of class III substrates to aggregate suggest that they expose hydrophobic regions during folding for longer than the other substrates because their folding pathways encounter kinetic traps that take time to be overcome. In vitro refolding competition experiments confirm that class III substrates have a higher affinity for GroEL than the other classes [1] . Thus it is likely that class III substrates are characterised by the relative persistence of exposed hydrophobic regions during their folding and not by the structure of the final fold. The satisfying conclusion is that this sophisticated chaperonin machine selects just those properties of its substrates that make them prone to aggregation, supporting the view that this family of molecular chaperone has evolved to reduce aggregation [2] . In an intriguing new twist to this tale, Shpak and colleagues [7] have uncovered new roles in stomatal development for the three members of the ERECTA class of LRR receptor-like kinase encoding loci: ERECTA (ER), ERECTA-LIKE1 (ERL1) and ERECTA-LIKE2 (ERL2). Previous studies [8, 9] showed that these three genes work together redundantly in promoting proliferative cell divisions in the cortex. Loss-of-function of all three genes leads to a dramatic reduction in plant and organ size, and defects in the differentiation of floral organs. The new study [7] has revealed an additional phenotype for the triple mutant: increased stomatal index and the production of high density stomatal clusters. This is
